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(54) Display ai^iBlus 

(57) Selection transistors (Qi) and drive franslsiors 

(Qa) are form^ in individual pixel areas on a substrate 
(10). Cathode electrodes (15) which reflect light are 
formed above the selection transistors (Q-i) arxi the 
drive transistors (Q2) so as to cover the pixel areas, with 



flat insulation films (14) between the cathode electrodes 
(15) and the selection and drive transistors (Qi, Qa)- An 
organic EL layer (16) and an anode electrode (17) are 
sequentlalty tomed m tlie cathode electrodes (15). 
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DescilplHon 

The present invention relate to a display apparatus, and more particularly to an electroluminescent {hereinafter 
referred to as EL) display apparatus with a mafix dl^lay panel including EL elements. 

5 An EL di^lay a[:^aratus witfi organic EL elements, that is, dsplay elements which emit light spontaneousiy and 
which are arranged in a matrix pattern, is kncwn conventionally, A passive mafrix type EL di^iay apparatus is avai^le 
as such an EL display apparatus. In this t^^e of EL display apparatus, parallel cathode lines serve as common fines, 
while parallel anode lines which are perpendicular to the cathode lines and which are made of ITO (Indium tin oxide) 
serve as data lines. An organic EL lay^ is arranged between the set of the cathode lines and the set of the anode lines. 

10 A positive voltage is applied to the data lines in each of cathode selection periods, thereby driving organic EL elements 
located at the intersections of the common lines and the data lines. The display apparatus displays an image which 
coresponds to the voltage allied to the data lines. In the case of the passive matrix type EL display apparatus which 
displays an image by driving such organic EL elements, the larger the number o1 common lines and/or the nunt>er of 
data lines, the shorter the selection period (duty H) per pxel The pa-iod of time over wtiich the organic EL lay^ keeps 

IS emitting light even after the application of a voltage between the set of the cathode lines and the set of the anode lines 
Is short. In consideration of this, according to tiie a}nvention^ passive matrix type EL display ^paratus. the instanta- 
neous luminance of the organic EL layer of eacti pixel during frie selection periods is intensified so that the orgailc EL 
layer apparently emits fight over 1 frame period. The organic EL layer can emit light at a high instantaneous luminance 
by applying a high voltage to the organic EL layer. In this case, however, the organic EL layer can easily deteriorate, 

so In ttie passive matrix type EL di^lay apparati^, the larger the nuvrter o1 common lines and data lines, the more 
possibility of the occurrence of crosstalk. This makes It difficult to liable the passive matrix type EL display apparatus 
to display a highly precise image. 

Proposed as a display apparatus free from the above-described fixoblems is an active matrix type display appara- 
tus which includes, as In Fig. 22, pairs of thin film transistors which confer a voltage storing capability on the pixels. Each 

25 of the pairs of thin film transistors consists of a selectiCMi transistor 11 and a drive transistor T2. The selection transistor 
T1 is connected to a data line DL for supplying a data signal and a gate line GL for supplying a gate signal. The gate 
electrode of the drive transistor T2 is connected to the selection transistor T1 . The source of the drive transistor 12 is 
connected to a constant voltage line VL. In this display af^alus, as shown in Fig. 23. the thin film transistors T1 and 
T2 are form^ in a pixel area on a glass substrate 101 . and the gates of the thin film transistors are covered with a gate 

50 insulation film 1 02. In an area adjacent to the thin film transistors T1 and T2, a transparent anode electrode 103 is pro- 
vided on the gate Insulation film 102. The transparent anode electrode 1 03 is connected to the drain of the drive tran- 
sistor T2. A passivation film 104 covers the thin film transistors T1 and T2. A contact hole extending up to the 
transparent anode electrode 103 is formed in that part of the passivation film 104 wNch is located on the transparent 
anode electrode 103. An organic EL layer 106. which absorbs the energy generated due to the recombination of elec- 

35 trons and hol^ wh^ a current flows, Is deposrted in the contact hole 1 05 extending up to the transparent anode elec- 
trode 1 03. A cathode electrode 107, which reflects visible light and whic^ extends ov«r a plufBlity of f^x^s. is laminated 
on the passivation film 104 and the organic EL layer 1 06. In this EL display apparatus, the efficiency of the injection of 
carriers into the organic EL layer 106 depends on the ionization potential of the anode electrode 103 and the electron 
affinity {the work function) of the cafriode electrode 107. In order to improve the light emitting efficiency of the organic 

40 EL layer 106 which depends on the carrier injection efficiency, the cathode electrode 107 is formed using a material 
whose work function is low. Since the cathode electrcxle 107 Is normally formed of a metal such as magnesium whose 
work function is low, ttie cathode electrode 1 07 reflects light having a wavelength in a range of wavelength of light which 
the organic EL layer 106 emits. Due to this, in tiie above EL d^lay apparatus, the light emitted by the organic EL layer 
1 06 travels through the anode electrode 1 03 and the subs^e 1 01 . The oganic EL layer 106 is arranged so as not to 

46 overly the thin film transistors T1 arxJ T2. The purpose of thus arranging the organic EL layer 106 is to prevent the light 
emitted by the organic EL layer 106 from entering the thin film tran^stors T1 and T2. It the emitted light entered the thin 
film transfetors T1 and T2. unnecessary photoelectromotive force wcHJkf 1:^ generated in the diannel regions of the thin 
film transistors T1 and T2. which entails the possibility of the thin film transistors T1 and T2 malfunctioning. 

In the active matrix type EL display apparatus described above, the light emitting area of each pixel in w4iich a part 

60 of tie organic EL layer 106 is lo<^ted Is limited to an area in v^ich the thin film transistors T1 and T2 are not located, 
and therefore the ratio of the light emitting area to the pixel area is small. If the light emitting area Is enlarged and if a 
voltage applied to the organic EL layer 106 is intensified to attain the desired luminance, the organic EL layer 106 will 
be considerably deteriorated. The cathode electrode 1 07 is made of a metal, while the organic EL layer 106 is made of 
an organic material. Hence. It is difficult to join the cathode etec^ode 107 and tie organic EL layer 106 together in a 

56 preferred condition. As time passes, a gap can easily occur between the cathode electrode 107 and the organic EL 
layer 106. which entails the possibility that the organic EL layer 106 may become emit no light. The organic EL layer can 
emit light at the same luminance as that of an inorganic EL layer even when the organic EL layer is formed as thin as 
40nm to 250nm. The thicks the aganlc EL lay^ 106. the higher an effective voltage/cunrenl tor causing the organic EL 
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layer to emit light at the desired luminance. This limits the range of value at which the thickness of the organic El layer 
can be set. Meanvi^iile. the thickness of the passivation film 1 04, which covers the thin film transistors T1 and T2, is set 
at such a value as to preverrt the ocairence of a parasitic capacitance in the thin film tranastors T1 arKi T2. Owing to a 
difference in thickness between the passivation film 104 and the organic EL layer 105. a step is present on the upper 

5 surfaces of the passivation film 100 and organic EL layer 106, There is the pc^sibility that the cathode electrode 107 
may break at ttiat st^. H the cathode electrode 107 breaks, the di^ay afi^rstus <^not perform a display operation. 

It is accordingly one object of the present invention to provide a display apparatus which has a light emitting area 
enlarged so as to emit light at a satisfactorily high luminescence even though a voltage applied to an EL layer is low, 
and which has a long luminance life. 

10 It is another object of the present invention to provide a d^ay apparatus which p-events light from entering active 
elements such as transistors, to thereby avoid the matftjnction of ^e active elements. 

!n order to achieve ths above objects, a display apparatus according to one aspect of the present invention com- 
prises a substrate (2), active elements {Qi. O2) which are teamed over sad substrate (2) and which are driven by an 
externally supplied signal, at least one first electrode (1 5) COTnecied to said active elements (Qi, Oa), at least one sec- 

15 end electrode (17) to which a predetermined voltage is applied, and an electroluminescent layer (16) including at least 
one layer which emits light applied between said at least one first el^rode (15) and said at least one second electrode 
(17). 

charcacterized by further comprising: 

20 an insulation film (14) formed over said substrate (2) so as to cover said active elements (Qi, O2) and having at 
least one contact hole (14A), said at least one first electrode (15) being formed on said at least one Insulation film 
(14) so as to coN^r said active elements (Qi. O2), ^d being connected to said active dements (Qi. Oa) through 
said at least one coitact hole (14A), and said at least one first electrode (15) bang made of a mat^ial v^ich 
shields visible light. 

In this display apparatus, the at least one first electrode ts formed so as to cover the active elements, and the elec- 
troiumin^cent layer and the at least one second electrode are laminated sequentially on the at least one first electrode. 
Under those conditions, the area occi^ied by an eledrduminescent element, which is formed of the at least one first 
electrode, the electroluminescent layer and the at least one second electrode, is not limited by the active elements, and 

30 a light emitting area can be enlarged accordingly This endales the electroluminescent layer to emit light at the same 
luminescence as that of a ranventional display ^arafus, even though a voltage applied to the electroluminescent layer 
Is low. In this case, the load on the eledrolun^nescent layer is smalK which ensures a long life to the display apparatus. 
Since the at least one first elecb-ode is made of a material wtiich sNelds visible light the light emitted by the electrdu- 
minescent layer does m\ enter the active elements, and therefore «ie active elements do not malftjncfion due to the 

36 light. 

The lnv^ti<»i can be more nilly und®-stood from the ^towir« deified when the conjunction with the acconpany- 
Ing drawings, in wNdi: 

Fig. 1 is a plan view of an display apparatus according to one embodiment of the present invention: 

40 Fig. 2 is across section taken along the line A-A show In Fig. 1 ; 

Fig. 3 Is an equivalent circuit diagram showing an EL display droilt con-esponding to one pixel; 

Fig, 4 is an equivalent circuit diagram which specifically shows the structure of the EL display ciroiit; 

Fig, 5 is a graph showing the electric characteristic of a drive ^ansistor Q2; 

Fig. 6 is a graph showing the lun^nance of an organic EL elonent; 
45 Fig. 7 is a diagram illustrating driver circuits used in the display apparatus depicted in Rg. 1 ; 

Fig. 8 is a diagram showing waveforms for driving the display apparatus: 

Fig, 9 is a sectiwial view of a display apparatus which includes cathode electrodes, an orgemic EL layer, and a die* 
lectric film between the organic EL layer and the cathode electrodes; 

Fig, 10 is a sectional view of a display apparatus having R. G and B wavelength range asnversion layers; 
sd Fig. 1 1 is a sectional via of a display apparatus having R and G wavelength range conversion layers; 

Fig. 1 2 is a sectional view of a display apparatus having R, G aid B wavelength range conversion layers and color 
filter layers; 

Fig. 1 3 is a sectional via of a display apparatus having color filter layers; 

Fig. 14 is a sectional view of a display apparatus having R and G wavelength range conversion layers and color 
55 filter layers; 

Fig, IS is a section^ \Am of a display af^atus having concave R, Q and B wavdength range conversion la^ 
and color filters: 

Fig. 16 is a diagram diowing driver circuits used in a display apparatus which includes drive transfers Q2 and 
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anode electrcsdes connected to the drive tranststors Q2; 

Fig. 1 7 IS a plan view of a display apparatus according another ^ttsodiment of the present Invention; 
Fig. 18 Is a cross sedion taken along the the 8 - B shown in Fig. 1 7; 
Fig. 19 is a cross section taken along the line C - C shown in Fig. 17: 
5 Fig. 20 is a diagram showing driver circuits used In the di^ay ^aratus Illustrated in Fig. 1 7; 

Fig. 21 is a sectionaJ ^ew of a display ^paraUis including a catirode electrode having a rwgh surface; 
Fig. 22 is a plan view of a display apparati© according to the related art. and 
Fig. 23 is a sectional view of the display apparatus illustrated in Fig. 21 . 

10 Display apparatuses accoitling to entKxdliments of the fH-esent invention wilt now be desaibed in detail, with refer- 
ence to the accompanying drawings- 

The structure o1 the display apparatus according to one embodiment of the present invention will now be described 
with reference to Figs. 1 and 2, Fig. 1 is a plan view of that part of the display apparatus of this embodiment which cor^ 
responds to one pixel. Fig. 2 is a cro^ secfion takm\ along the Hne K - K shown in Rg. 1 . In thc^e drawngs. a reference 

IS numeral 1 denotes the display apparatus. That part of the display apparatus 1 which is Illustrated In Figs. 1 and 2 
includes a substrate 2, an n-channel transistor Q1 . an n-ch^nel transistor Q2, an organic EL element 3, etc. which are 
formed over the substrate 2. The substrate 2 is made ot glass or s^^thetic resin, and make visible light pass through. 
The n-chann^ trarelstor Q1 serves as a selection transfer, while the n-ch^nel transistor Q2 serves as a drive tran- 
sistor. 

so The structure of the display apparatus 1 will be more specifically described. Parallel address lines 4 extending in a 
predetermined direction are formed at equal intervals on the substrate 2 by patterning a gate metal film which is made 
of aluminum (Al) or the like. The sdecticm transistor Q1 has a gate ^ecfrode 4A formed in integration with one address 
line 4. The drive transistor Q2 has a gate electrode 48, Anodic oxidation films 5 are formed on the gate electrodes 4A 
and 4B and the address lines 4. A gate insulation film 6 which is made of silicon nitride is formed so as to cover the 

S6 address lines 4, the gate elech-odes 4A and 4B and the sub^rate 2. S^conductor layers 7A and 7B, whidi are made 
ot amorphous silicon (a-SI) or polycri^tanine silicon (p-Si). are patterned on the gate insulation film 6 covering the gate 
electrodes 4A and 4B. Blocking layers 8A and SB are formed on the middle portions of the semiosnductor layers 7A and 
7B, respectively, and extend in a channel widthwise direction. Ohmlc layers 9A and 9B are formed on the semiconductor 
layer 7A, and are isolated from each other at the blocking layer 8A, The dimic layer 9A is located on that side (the drain 

30 side) of the semiconductor layer 7A which is close to a drain, while the ohmlc layer 9B is located on that ade (the source 
side) of the semiconductor layer 7A v^ich is dose to a source. Ohmic layers 9C and 9D are formed on the semicon- 
ductor layer 7B, and are isolated from each otfier ai the WocWng layer 8B. The ohmic layer 9C is located on the drain 
side of the semiconductor layer 7B, while Itie ohmk: li^r 9D is located on the source side of the semiconckJCKM* layer 
7B. In the selection transistor Q1 , a data line 1 0A is laminated on and connected to the ohmic layer 9A located on the 

35 drain side, and a source electrode 1 0B Is laminated on and connected to the ohmic layer 9B located on the source side. 
The source electrode 10B js connected to a contact hde 1 1 formed in tiie gate Insulation film 6 ot the dnve transistor 
Q2. In the drive transistor Q2, a constant voltage line 12 which is set at a ground potential is laminated on and con- 
nected to the ohmic layer 9C located on the drain side, and a source electrode 13 having two ends is laminated on the 
ohmlc layer 9D located cai ttie source side. One end of *e source electrode 13 is connected to the ohmic layer 90, while 

40 the other end of the source electrode 13 is connected to one of catfiode electrodes 15 of organic EL elements 3. The 
gate electrode 4B, the constant voltage line 12 and the gate Insulation film 6 therebetween f<xm a capacitor Cp. 

The structures of the organic EL elements 3 will now be described. In the entire display area of the display appa-^ 
ratus. a flat interlayer insulation film 14 is deposited to a thickness of about 400nm to 1200nm on selection transistors 
Q1 , drive transistors Q2 and the gate inflation film 6. Contact holes 14A are formed in those parts of the interlayer 

45 Insulation film 1 4 which are located at end portions of the source electrodes 13 of the drive transistors Q2- Each of the 
a)ntact holes 14A and a corresponding one of the aforementioned end portions of the source electrode 1 3 are located 
almost in the center of c^is pixel area. The catiode electrodes 15 which are made ot Mgln or the like are patterned on 
the interlayer insulation film 14. Each cathode electrode 15 has an area and a shape {almost square in this embodi- 
ment) which are enough to cover the most part of one pixel area surrounded by the adjacent data lines 10A and the 

so adjacent address lines 4. The selection translstons Ql and ^e drive transistors Q2 are fbrmed under the cathode elec- 
trodes 15. 

In the entire display area, an organic EL layer 16 is formed on the cathode decfrodes 15 ar^i the interlayer insula- 
tion film 14. and a transparent anode electrode 1 7 which is made of ITO (indium tin oxide) or IZnO (indium zinc oxide) 
is formed on the organic EL layer 16. A driving power source (not shown) is connected to the anode electrode 17. 
5S The organic EL layer 16 includes an ^ecb-on carrying layer, a luminous layer and a hole carrying layer. Of those 
layers included in the organic EL layer 16, the electron carrying layer Is closest to the cathode electrodes 15, and the 
hole carrying layer is farthest from the cathode electrodes 16. The electron carrying layer is made of aluminum-^is (8- 
hydroxyquinolinate) (her^nafter referred to as Ak}3). The iuminoi^ layer is made of 96wt% 4,4 -bis(2,2-d»f^enylvi- 
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nylene)biphenyl(hereinafter referred to as DPVBi) and 4wt% 4»4'-bis((2-carbazole)vinylene)biphenyt(hereinafter 
ref^red to as BCzVBi). The hole carrying layer is made of N,N'-di(a-naphthy!)-N.N'-diphenyh1.r-biphenyl*4,4'- 
diamin^erelnafter referred to as a-NPD). The thickness of the organic EL Layer 1 6 is on the order of 40nm to 250nnn, 
The constitutkmsl fbrrtiulas of Alq3. DPVBi, BCzVBI ^d a-NPD are shown below: 



to 
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[Fomula 1] 
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[Formula 2] 
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The organic EL layer 16 thus formed ^its blue light upon the application of a predetermined voltage. 

Wliert the organic EL layer 16 between ttie anode ^ectrode 1 7 and ttie cathode el^rodes 1 5 includes a luminous 
layer which can carry electrons and which is made of berytlium"bis(10-hydroxybenzo[h]qyinonnate)(hereinafter ref^red 
to as B^2), and a hote carrying layer made of a-NPD. the organic EL layer 16 can emit green light. 

The constitutional fo-mula of B^2 is shown below: 

[FonTKjIaS] 




In tfie display apparatus 1 o1 this embodiment, each cathode eledrode 15 covers one pixel area surrounded by the 
adjacent data lines IDA and frie adjacent address lines 4. and therefore each EL element 3 emits light over the entirety 
of one pixel area. This remarkably improves the aperture ratio per pixel in the display apparatus 1 of this embodiment 
over that of the conventional active matrix type EL display apparatus. The cathode elecfrodes 15 are formed of Mgin 
which reflects light. Therefore, the light emitted by the organic EL layer 1 6 when a voltage is applied between the anode 
electrode 17 and the cathode electrodes 15 comes out through the anode eledrode 17 without leaking downward 
(toward the substrate 2). Thus, the light does not enter the selec^on tran^slors Q1 arxl the drive transistors 02. and 
hence tie malfunction of the transistors Q1 and Q2 due to the ph<^oelectromotive force is avoided. The light emitted by 
the organic EL layer 1 6 goes out of the display apparatus through the transparent anode electrode 1 7, without the light 
being ^sorbed by the substrate 2. etc.. and therefore bright display is realized. 

The area of the interfece between the organic EL layer 16 and the cathode electrodes 15 is large. This permits the 
cathode electrodes 15 and the organic EL layer 16 to be joined together in a preferred condition, and ensures to the 
display apparatus 1 of this CTibodiment a luminous life improved over that of the conventional active matrix type EL dis- 
play apparatus- The cathode electrodes 15 are formed on a flat layer having no st^, and therefore are free from the 
possibility of the cathode electrodes 1 5 breal^ng at steps. The cathode elechxxies 1 5 are arranged so as not to overiap 
the address lines 4 or the data lines 10A. Consequently the slowing down of signal transmission, caused by a parasitic 
capacitance which would occur if the cathode electrodes 15 were arranged so as to overlap the address lines 4 or the 

data lines 10A, is prevented. 

When a layer like the organic EL layer 1 6 is subjected to a temperature higher than a glass-transition tenperature 
for an organic EL material, its light emitting characteristic deteriorates considerably In consideration of this, according 
to the di^^ apparatus of *is embcxJiment. the organic EL layer 16 is formed after the selection ^ansisfors Q1 and the 
drive transistors Q2 are manufactured by a heat treatment under a temperature of several-hundred degrees. The 
organic EL layer 16 is not subjected to a temperature higher than the glass-transition temperature, and tiierefore the 
deterioration of the light emitting characteristic does not occur. 

The organic EL layer 1 6 is thinner than an inorganic EL layer. Mo^^ver, the thickness to which the organic EL layer 
is formed through vapor deposition using the organic EL material can be very easily cc^crfled during the process of 
forming the organic EL layer. When the organic EL layer 1 6 is formed to the thickness corresponding to the wavelength 
at the luminance peak of the light emitted by the organic EL layer 16 (in other words, the wavelength of the most intense 
component of the light emitled by the organic EL layer 16). the resonance effect which permits tight to easily come out 
from the organic EL layer 16 can be achieved. For example, in the case of an organic EL element which emits blue light, 
the resonance effect can be attained when it is formed to the thickness of 4Qnm to 50nm, In the case of an organic EL 
element v^^ich emits green light, the resonance effect can be atained when it is formed to the thickness off 50nm to 
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60nm. 

The driving principle of the display apparafejs according to this embodiment m\\ now be described. Figs. 3 and 4 
are equivalent circuit diagrams showing that part of the cSsplay apparatus 1 which corre^onds to one pixel. As shown 
in Fig. 3, a di^lay circuit in that part of the display apparatus 1 which corresponds to one pixel indiKies an organic EL 
5 element 3 and a voltage controller Cv. As shown in Fig. 4, the voltage controller Cv has a selection transistor Q 1 , a drive 
transistor Q2 and a capacitor Qs. The drivir^ power source Ps fdr supplying a consfent voltage Vdd is connected to the 
anode electrode 1 7 of the organic EL element 3. The voltage controller Cv is connected to the cathode electrode of the 
organic EL element 3. "Rie drain electrode of the drive transistor Q2 in the voltage controller Cv is grounded via the con- 
stant vdtage line 12. 

10 The voltage controller Cv can control a voltage so that the lun^n^ce of the organic EL dement 3 varies in accord- 
ance with gradation data corresponding to image data which is input at the time of s^ecfion. An address line 4 is con- 
nected to the gate electrode 4A of the selection transistor Q1 , and a data line 10A is connected to the drain electrode 
of the selection transistor Q1 . The gate of the selection transistor Ql ts turned on in response to a selection signal sup- 
plied through the addre^ line 4. While the s^ection transistor Q1 is on. an image data voltage supplied throjgh the 

15 data line 1 0A is accumulated in the capacitor Cp, The capacitor Cp retains the image data voltage almost over 1 frame 
period. The resistance in the d-ive transistor Q2 is controlled by the voltage retained in the capacitor Cp. The organic 
EL element 3 emits light according to written infbrmatiai, in otiier words, ttie retained voltage. 

The electric characteristic of the organic EL element 3 will now be d^cribed with reference to Figs. 5 and 6. As 
shown in Fig. 5. the source-drain current Ids of the drive transistor Q2 is shifted In acxjondance with a gate voltage Vg 

so applied to the gate ^ectrode of the drive transistor Q2. The source^drain current Ids of the drive transistor Q2 becomes 
saturated when a source-drain voltage Vsd applied betwe^ the source and drain of the drive transistor Q2 exceeds 
approximately 5V. As shown in Rg. 6, the orgarac EL el^ent 3 has a luminance characteristic according to an anode- 
cathode voltage Vac (a forward bias is positive). In this embodiment, the luminance (gradation) of the organic EL ele- 
ment 3 is controlled by controlling the anode-cathode voltage Vac in a range of 0(V) to Vdd(V). 

25 The source electrode 1 08 of ttie selecdon transistor Ql fe connected to frie gate electrode of frie drive tiansistor 
02 through a contact hole 1 4B. A wrlfingW^eSng voltage Is a|:plled to the drain electrode of the s^ection transistor 02 
through the data line 10A. 

Driver clrcuHs used In the display apparatt^ 1 will new be explained with reference to Fig. 7. As shown in this draw- 
ing, one selection transistor 01 . one drive transistor 02 and one organic EL element 3 are provided in each pixel area. 

3D One address line 4 is connected to tiie gate electrode 4A of each selection transistor 01 , One data line 10A Is con- 
nected to the drain electrode of each selection transistor 01 . Moreover, as shown in Fig. 8. a selecticn voltage Vad hav- 
ir^ a positive potential is applied to a selected one of the address lines 4, and a non-selection voltage Vnad having a 
ground potential Is applied to the other non-selected address lines 4. In the sel^n periods, a wri^ng voltege Vr 
according to the luminance is applied to the data lines 10A. The driving power source Ps continually applies the con- 

36 stant voltage Vdd to the anode electrode 1 7. 

The operation of the display apparatus 1 according to this embodiment will rrow be descrtoed, 
A gate driver circuit DC1 illustrated in Fig. 7 applies voltages through its terminals X1 to Xm to the address lines 4, 
thereby sequentially selecting the address lines 4. When selecting one address line 4 connected to the terminal X1 , the 
gate driver drcuit DG1 applies the selecfion voltage Vad to that address line, and applies the non-selection voltage 

40 Vnad to the other address tines. At that time, a drain driver circuit DC2 affiles the writing voltage Vr through its termi- 
nals Y1 to Yn and the data lines 10A to the drain electrodes d those of the selecflon trani^stors Ql which are connected 
to the address line 4 corrected to the terminal XT In accordance with the writing voltage Vr, a voltage of OVto Vdd(V) 
is applied to those of the organic EL elements 3 which carespond to pixels P (1 , 1) to P (1 . n), and the organic EL ele- 
ments 3 applied with the voltage emit light at the lianlnance (gradation) acccmjir^ to the applied voltage. In a non-selec- 

45 tion period during which the address line 4 connected to the terminal X1 is not selected, the capacitors Cp connected 
to thai address line retain the writing voltage Vr over i frame period. Consequently, currents keep flowing into the drains 
of drive transistors 02 and th^ into organic EL elements 3 over 1 frame pa-iod. and those EL elemenfe emit light over 
1 frame pericx^. In place of the selection voltage Vad, the gate driver circuit DC1 applies the non-selection voltage Vnad 
to the address line 4 connected to the terminal XI , In oitJer to select another address line 4 connected to the terminal 

$0 X2, the gate cfriver drcuit DC1 applies frie s^ection voltage Vad to the address line 4 connected to the terminal X2. In 
the same manner as that descried above, those of the organic EL elements 3 which correspond to pixels P (2, 1) to P 
(2, n) emit light at the luminance according to the applied voltage. 

Thi^, in the display apparatus 1 of this en^odiment, the organic EL elements 3 can keep emitting light even while 
their corresponding address lines 4 are nc^ selects. Accordingly, even though the display apparatus 1 is designed to 

S5 display a highly precise image, the lurrHnance of the organic EL elemwits 3 need not be set high. For exanple, in <^der 
to attain a luminance of 1 0Ocd/m^ at the surface of the screen of a conventional passive matrix type display apparatus, 
the o^anic EL elements have to emit light at a luminance of about 48000cd/m2. H<^ever. in the case of the display 
apparatus of *is entKJdiment. a luminance of a^roK. lOCkxJ/rr^ suffices as the luminance of tl^ organic EL dements 
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3. 

According to the display apparatus 1 of this embodimGnt, unlike In the case of the passive naatrix type organic EL 
display apparatus proposed conventbnafly, the organic EL elements 3 can keep emitting light over 1 frame period* and 
the display apparatus 1 can display an image without causing the organic EL elements 3 to emit light at a high iumi- 

5 nance. The display apparatus 1 of this embodiment can display a highly precise halftone image, arxj the expressivity of 
the displayed image Is imfi^oved. In onj^ to vaiy a carrier potential at a high speed, a writing voltage which Is applied 
to the data lines 10A while the organic EL elements 3 are emitting no light can be set at a negative potential in accord- 
ance with an increase in the number of address lines 4, insofar as a P-channel current is not adversely affected. 
Further, as shown in Fig. 9, a dielectric film having a thickness of 5nm or less and which is formed of at least one 

10 material selected from a groi45 consisting of Si02, Uf, Mat Caf2 and Mgf2, rrray be provided between the organic EL 
layer 16 and the cathode dedtrodes 15. V\ftien a ventage having a predeterrrtned value is applied between the anode 
electrode 17 and the <^thode electrode 15, electrons are injected from the cathode electrodes 15 into the organic EL 
layer 16 through the dielectric film 18 due to the tunneling effect. After the formation of. tor sample, the the cathodes 
electrodes 15 w^ich are easily oxidized, the dielectric film 18 Is formed so as to cover the ca*ode electrodes 15 by a 

16 vacuum deposition method or the like. The cathode electrodes 15 covered by the dielectric fflm 18 are not exposed to 
the air Accordingly, the ^ectron injecting capability of the cathode elec^<xl^ 1 5 is maintain©d in an excellent condition. 
It is preferred that the cfieleclric film 18 be one wNch can be successfully joined wth the cathode electrodes 1 5 and the 
organic EL layer 16 in a preferred state. 

In the multicolor (fulhcolor) type display apparatus 1 illustrated in Rg. 10. wavelength range conva^ion layers 52R, 

so 52G and 52G, sandwiched between an insulation film 53 formed on the anode electrode 1 7 and a substrate 51 , are pro- 
vided In one-to-one correspondence with the cathode electrode 1 5. A black mask containing chromium oxide is formed 
in the areas con-esponding to the address lines 4 and the data lines 1 0A. The wavet^gtti range conversion layers 52R 
have the photolumlnescence effect of alxorbing light which the organic EL layer 16 emits in a blue wavelength range 
and emitting light in a longer red wavelength range. The wavelength conversion layers 52G have the photolumin^enf 

S6 effect of absorbing light which the organic EL layer 16 emits in the blue wavelength range and emitting light in a longer 
green wavelength range. The wavelength conversion layers 52B have the photclumlnescent effect ot absorbing light 
which the organic EL layer 16 emits in the blue wavelength range and emitting light in a longer blue wavelength range- 
In this display af^ratus 1, the organic EL layer which emits blue light of a single color is satisfactory The wave- 
i^gth conversion layers 52R convert the blue light emitted by the organte EL layer 16 into red light, and emit the cai- 

3G verted red light. The wavelength conversion layers SZQ oonvet the blue light emitted by the organic EL layer 16 into 
green light and emit the converted green light. The wavelength conversion layers 528 convert the blue light emitted by 
the organic EL layer 16 into blue light, and emit the converted Uub light. Therefore, the display apparatus 1 can easily 
display a full-color image. The areas occupied by the wavelength conv^on layers 52R, and 52B are set equal to 
those occupied by the cathode elec^odes 15. and therefore the light emitting area of each pixel is not small even 

35 through the transistors Q1 and Q2 are present. This permits the wavelength conversion layers to perform the energy 
conversiai with effldency. 

if is preferred that a material having a refractive index which approximates to that of the wavelength conversion lay- 
ers 52R. 52G and 52B. which are in contact with the insula^n film 53, be selected as the material ot the insulation film 
53. This is because when the insulation film 53 is formed of sudi a material, tiie degree of the reflection of light at the 

40 interface between the insulation film 53 and the wavelength oCKwersion layers 52R, 52G and 52B is small. 

The display apparatus i illustrate in Fig, 1 1 1ndudes the wavelength conversion layers 52R and 52Q, This display 
apparakjs 1 displays a multicolor (full-color) image, using as is the blue light emitted by the organic EL layer 16. 

In the display apparatus 1 illustrated in Ftg. 12, <x)la filters 55R, 55G and 55B are provided between a substrate 1 
and the wavelength conversion layers 52R. 52G and 528, respectiv^y. Of tfie light incident cmi the color filter layers 52R, 

45 the fight components in the red wavelength range pa^ through the color filter layers 52 R, fcHJt the light components in 
the other wavelength ranges are absorbed by the color fHter layers 52R. Of the light Incident on the color filter layers 
52Q, the light conponents in the greet) wavelengfli range pa^ throu^ the color filter layers 52G, but the light compo- 
nents in the other wavelength ranges are absorbed by the color filter layers 52G. Of the light incident on the color filter 
layers 55B, the light components in the wavelength range in which tiie blue light emitted by the wavelength conversion 

so layers 52B falls pass through the color filter layers 55B. but the other light components are absorbed by the color filter 
layers 55B. In other words, the cdor filter layers ®B absab the blue light knitted by the organic EL layer 1 6, but allow 
the blue light emitted by the wav^er^th conversion layers 52B to pass through tiie color filter layers 558, 

The color filter layers 55R have such a characteristic that they absorb, of the incident Irght entering the wavelength 
conversion layers 52R through the substrate 51 , the light components in the wavelength range of the light by which the 

SB wavelength conversion layers 52R are excited (i.e., the l^ht conponents in the same wavelength range as that in which 
excitation light components ot the blue light emitted by the organic E L layer 1 6 fall). Under this condition, the \Aevelength 
conversion layers 52 R are not exdted by the light coming from the outside of the display apparatus 1, The color filter 
layers 55G have such a ch^acteristic that th^ absort^ of the incident light ^tering the wavelengtii converaon layers 
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52G through the substrate 51 . the light components In the wavelength range of the tight by which the wavelength con- 
version layers 52G are excited (I.e., the light componaits in the same wavelength range as that in which of the excita- 
tion light oomponente of the Wue light emifted by the organic EL layer 16 fell). Tha-elbre, tiie color convei^on layers 
52G are not excited by the external light coming from the outside of the display apparatus 1 . The wavelength conversion 
5 layers 52B emit blue light in a blue wavelength range wider than that of the blue light emitted by the organic EL layer 16. 
The color filter layers 55B have such a characteristic that they absorb the blue light emitted by the organic EL layer 16 
but allow the blue light emitted by the wavelength conversion layers 52B to pass through the color fitter layers 55B. Con- 
sequently, the wavelength conversion layers 52B are not excited by the external light coming from the out^e d the dis- 
play apparatus 1 . 

10 When the light emitted by the wavelength range conversion layers 52R, 52G and 52B alter the color filter layers 
55R, 55G and 56B, light in narrower wavelength ranges than those the light emitted by the layers 52R. 52Q and 528 
and having higher luminance peal^ than those of the light emitted by the layers 52 R, 52Q and 528, come out from the 
filter layers 55R, 55Q and 558. Accordingly, the color purity of light going outside the display apparatus 1 is high. The 
black mask 54 shields areas between the cofa- liter layers 5SR. 55G and 55B from the external It^t radiated toward 

15 those areas, and therefore the external light do not enter the waveleng^ conversion layers 52R. 52G and 52B so as to 
cause the layers 52R, 52G and 528 to perform light emission. The black mask 54 also prevents light from being 
reflected by the address lines 4 and the data lines 10A. This ensures a conskia'ably ^cellent di^lay characteristic to 
the display apparatus 1 . Since no light enters also the transistors Q1 and Q2 by virtue of the pres wice of the black mask 
54 and cathode electrodes 1 7. the malfunction of the transistors Q1 and Q2 does not occur. 

so As shown in Fig. 13, the organic EL layer 16 may include a red EL layer 16R, a green EL layer 16G and a blue EL 
layer 1 6B. it is possible to cause light emitted by tiiose EL layers i SR. 1 6G and 1 SB to enter the color filter layers 55R, 
55G and 55B. respectively and to come out ther^rom as lig^t having higher luminance peaks. 

In Fig. 14, color filter layers 56B have such a characteristic that when the blue light emitted by the organic EL layer 
1 6 enters the color filter layers 56B, blue light in a n^rower wavelength range than that of the blue light emitted by the 

S6 organic EL layer 1 6 and having a Ngher luminance peak than that of the l::^ue light emitted by Hie organic EL layer 1 6, 
comes out from the color filter layers 558, Hence, without using a wavelength ccsiverslon layer for blue, the display 
apparatus 1 illustrated in Fig. 1 4 can display a full-color image if the wavelength conversion layers 52R and 52B are pro- 
vided in correspondence wth the cola- filter layers 55R and 55G. 

The display apparatus 1 illustrated in Fig. 15 has wavelength conversion layers 57R. 67G and 578 each having a 

30 concave surface facing the organic EL layer 16. Even when the light emitted by the organic EL layer 16 ts reflected at 
the interfaces between the insulation film 53 and the wavelength inversion layers 57R, 57G and 578, the most part of 
the reflected light is reflected by the cathode electrodes 15. The light reflected by the cathode electrodes 1 5 falls on the 
interfaces between the Insulation film 53 and the wavelength conver^on layers 57R, 57G and 578 at an incident angle 
different from the initial incident angle. Under this condition, it is easy for the wavelength conversion layers 57R. 57G 

36 and 57B to catch the light reflected by the cathode electrodes 15, Thus, in the di^lay apparatus 1 illustrated in Fig. 15, 
tfie light emitted by the organic EL layer 1 6 enters the waveleng&i conversion layers 57R, 57Q and 578 without the light 
being wasted. 

The display apparatus 1 of the above embodiment has the structure shown In Fig, 7. However, as ^own in Fig. 16, 
the posfflons of the ^ode and cathode elec^odes can be reversed. In this case, the driving power source Ps continually 

40 applies a constant negative voltage {-Vdd} to the cathode elecfrodes of the organic EL dements 3. 

ft is possible to provide the dielectric film 18 shown in Fig, 9 between an arxxle electrode 16 and the cathode elec- 
trodes 15 in the display apparatuses 1 illustrated in Figs. 10 to 15. 

The structure of a display apparatus according to another embodiment of the present Invention will now described 
with reference to Ftgs. 17 to 20. Fig. 1 7 Is a plan via d that part of the display ap^jaratus of this ^nbodiment which cor- 

46 responds to one pixel Fig. 18 is a cross section fak^ along the line 8 - B shown in Fig. 17. Fig. 19 Is a cross sec^on 
taken along the line C - C shown In Fig. 17. 

Reference numeral 21 in the drawngs denotes the display apparatus. In the display apparatus 21 of this embodi- 
ment, as shown in Figs. 1 7 to 1 9, a grc^nded electrode 23 is formed on a substrate 22 over the entire display area. A 
base insulation film 24, which is made up of a silicon oxide fHm and/or the like, is patterned on the grounded electrode 

so 23. Formed on the base Ir^ulation film 24 are parallel addr^ lines 48, which are connected each to one of terminals 
XI to Xm connected to a gate driver circuit (described later), and which are spaced at predetermined intervals. A first 
gate insulation film 25 is formed the address lin^ 48 and the base insulation film 24. As s^wv in Figs. 1 7 and 18, a 
first semiconductor layer 2S and a second semiconducta layer 27, which are made of amorphous silicon and/or the like, 
are patterned on the first gate insulation film 25. The first s^conductor layer 26 enables the address lines 48 to func- 

S5 tion as gate electrodes, A blocking layer 28 paHerned on that part of tiis semicc»iductor layer 26 which is the n^dle 
portion of the layer 26 in a gate lengthwise direction (a vertical directioi in Fig. 1 7). A second gate insulation film 29 is 
formed so as to cover the upper and side surface of the second semicorxiuctor layer 27. The blocking layer 28 and the 
second gate irsulation film 29 ^e made of slicon nitrkie and/cs" the iike. and are formed by a CVD method. A source 
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electrcxfe 30 and a drain electrcxJe 31 are formed on both sides of the first semiconductor layer 26 with respect to a gate 
widthwise direction so that the source and drain electrodes 30 and 31 are connected to the first semiconductor layer 26 
(in Fig. 18, the source elecfe-ode 30 is formed on Sie right part o* the frst semiconductor layer 26, while the drain elec- 
trode 3 1 is formed on the left part of the first semiconductor layer 26). The address lines 48, the first gate insulation film 

5 25, the first semiconductor layer 26^ the source electrode 30 and the drain electrode 31 thus formed constitute a selec- 
tion transistor Q3. The input impedance of the selection transistor Q3 is set at a large value. The drain electrode 31 
shown In Fig. 1 7 is patterned and formed in integration with a corresponding one of data lines 47, which are connected 
each to one of terminals Y1 to Yn connect«l to a c^ain driver circuit (describe later). The source electrode 31 shown 
in Fig. 1 7 is patterned and formed in integration with a gate electrode 32 which crosses over the middle part of the sec- 

io ond semiconductor layer 27. with tie second gate insulation film 29 being located between the second semiconductor 
layer 27 and the gate electrode 32. The scxirce ^ec^ode 30 and tl^ gate elec^ode 32 are patterned and formed in inte- 
gration with a capacitor upper electrode 34 included in a capacitor Cp2. The capacitor Cp2 includes the capacitor upper 
electrode 34. the second gate Insulation film 29 formed under the capacitor upper electrode 34, the first gate insulation 
film 25 and a capacitor lower electrode 35. The c^adtor lower electrode 35 is connected to the grounded electrode 23 

-is through a contact hole 24A formed in the base insulation film 24. 

A source electrode 36 and a drain electrode 37 are formed on both sides of the gate electrode 32 of the second 
semicondtK?tor layer 27. The second semiconductor lay®' 27, the second gate insulation film 29. the gate electrode 32, 
the source electrode 36 and the drain electrode 37 form a drive transistor Q4. The drain electrode 37 shown In Fig. 17 
is formed in integration with a power source line 38 which is parallel with the data lines 47 and which applies a voltage 

$Q for driving organic EL elements 39, The source electrode 36 is connected to an EL upper electrode 40 included in an 
organic EL element 39- In ttie display app^atus 21 , the selection transistor Q3, the drive transistor Q4 and the capacitor 
Cp2 form a voltage controller. 

As shown in Figs. 1 7 and 19, each organic EL element 39 includes a light-shielding EL lower electrode 42 made of 
Mgin and/or the like and serving as a cathode electrode, an organic EL lay^ 41 formed on the EL lower electrode 42, 

25 and a Iransparwit EL i^sper layer 40 made of ITO and/or the like and formed m the organic EL layer 41 . The EL upper 
electrode 40 serves as an snole electrode. 

The organic EL layer 41 includes an electron carrying layer, a luminous layer and a hole carrying layer. Of those 
layers included in the organic EL layer 41 , the electron carrying layer is closest to ^e EL low^ electrode 42, and the 
hole carrying layer is farthest from the EL lower electrode 42. The electron can-ying layer is made of Alq3. The luminous 

30 layer is made of 96wt% DPVBi and 4wt% BCzVBi. The hole carrying layer is made of N,N'-dl{a-naphthyl)-N,N'-diphenyi' 
1,r-biphenyl-4,4'-diamlne(referred to as a-NPD). 

The organic EL element 39 is formed on an interlayer insulation film 43 which covers the selection transistor Q3 
and file drive transistor Q4 and which is formed over the entire display area. Ttie EL lower electrode 42 is corHiected to 
the grounded electrode 23 through a contact hole 44 formed in the first gate insulation film 25 and the base insulation 

SB film 24. Of the area surrounded by a two<iot chain line in Fig. 1 7, the part except a projecting portion 40A is covered by 
the EL lower electrode 42. The EL lower electrode 42, which Is a rectangular electrode covering the selection transistor 
Q3, the drive transistor Q4 and the capacitor Cp2, etc.. occupy the most part of the area occupied by one pixel The 
organic EL layer 41 is a layer extending over the entire display area. The EL ufper electrode 40 extends over the area 
surrounded by the tw-dot chain line in Fig. 17. The projecting portion 40A of the EL upper electrode 40 is connected 

40 to the source electrode 36 of the drive tr^^stcar Q4 through a contact hole 45, as shown in Fig. 17. The power ^urce 
line 38 is connected to the driving powo- soiree Ps wNc^ cOTlnuafly applies the cor^ant voltage Vdd, 
Fig. 20 is a diagram showing driver circuits included in ttie display apparatus 21 illustrated in Fig. 17. 
A drive method for having tiie display apparatus 21 of this en^jodiment emit light will now be described. 
A gate driver circuit DCS is driven to ou^xjt a selection signal to any oie of the address lines 48. In s>mchronizatlon 

4& with the output of the selection signal to cne address line 48, a drain driver circuit DC4 is driven to ou^Dut a data signal 
to the data lines 47, When the number of address lines 48 is N, 1 scanning period during 1 frame period T is T/N, and 
the selection signal has ^ch a voltage value as to enable tiie writing voltage Vr exceeding the gate threshold value Vth 
of selection transistors Q3 to be applied to the address line 48 during 1 scanning peri<xl. Up<^ the application of the 
selection signal, selection transistors Q3 in Fig, 20 are turned on, and a voltage according to the data signal output to 

so the data lines 47 is applied to the gate electrodes 32 of drive transistors Q4, and is stored in capacitors Cp2. The capac- 
itors Cp2 retain the vdt^e according to the data signal over 1 frame period, and the value of the resistance in the drive 
transistor Q4 Is controlled to a substantially constant value until the next selection perkxJ by the potential Vc retained 
in the capacitors Cp, In accordance with the value of the resistance in the drive transistors Q4, the potential Vdd is 
applied through the power source tine 38 to the organic EL layer 41 . A a result, a substantially constant ctrrent flows 

56 through the organic EL layer 41 , and the organic EL layw 41 emits light at a substantially constant luminance during 1 
flame period. By repeating those operations, the display apH3aratus 21 can maintain the state o! emitting light, and 
aco^dingfy the contrast in an image displayed on the display ^paratus 21 is remarkably improved over the conven- 
tional passive matrix type EL di^lay ajparaius. Since a cxirrent suppli^ to the organic EL layer 41 can be precisely 
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controlled through the use of the transistors Q3 and Q4. the display apparatus 21 can perform gray-scale display with 
ease. If wavelength coiv^son layers and/a color filter layers are used as shown in Figa 1 0 to 1 5, the display appara- 
tus 21 can perbrm f Jf-CMlor (multicolor) display as well. 

In the display apparatus 21 of this embodiment, the area occupied by each EL lower electrode 42 is not limited by 
s the thin flim transistors Q3 and Q4. Therefore, the ratio of the light en^ttlng area to each pixel area can be enhanced, 
wifri the result mat the orgarec EL elements 39 can emit light at the desired luminance without the application of an 
excessively high voltage. 

Since the EL lower electrodes 42 are made o1 a light-shielding material, the light emitted by the organic EL layer 41 
does not enter the sdectkn fe-ansistors Q3 or drive transistors Q4 located below the EL lower electrodes 42. Accord- 
10 \fyg\y, the transistors 03 and Q4 are prevented from malfunctioning due to ^ch light and the display apparatus 21 of 
this embodiment can be reliably driven. 

The area of the interface between the organic EL fayer 41 and the EL lower electrodes 42 is large. This permits the 
organic EL layer 41 euid the EL lower elecfrodes 42 to be joined together in a preferred condition, and ensures to the 
display apparatus 21 of this embodiment a lunranous life improved ov©- that of the conventional active matrix type EL 
15 display apparatus. The EL lower eledrodes 42 are formed on a flat layer ha\^ng no st^ and therefore are free from 
the possibility of the EL lower electrodes 42 bre^ng at st^. 

The grouncted dectrade 23 formed over the entire di^lay area is made of a light-shielding metal such as Al, and 
therefore can shield the tight coming from the substrate 22 and can make fie light enter the transistors Q3 and Q4, 
In the embodiments described above, polycrystalline silicon can be used in place of amorphous silicon in order to 
so form the serrsconduclor layers of the transistors. However, amcwp^ous siliowi etements are preferable to pcHyaystalllne 
silicon elements. 

In the above-described embodiments, impurity<ioped silioon nitride films, v^^ich has a capability to catch carriers 
and store a gate voltage, can be employed as the gate insulation films of the drive transistors. By thus conferring the 
voltage storing cap^lity on the drive transistors tiiemselves in addition to the use of the capacitors, the voltage storing 
25 capability of the entire cirmiitry is improved. 

In ^e above embodiments, the transistors are MOS transistors. However, they may be bipolar transistors. Due to 
the input impedance of eadi of the selection transistas being set at a large value, the selection transistors have the 
effect of siwressing the amount of current flowing through the address lines to a great extent when a selection signal 
voltages is applied to the bases, even In the case where the number of selection transistors (X)nnected to each selection 
30 signal line is large. Accordingly, the amount of current which the organic EL elements require can be made small, and 
the life of the power ©cxjrce csui be enhanced. Sln^larly In the case vi^ere a data signal voltage is applied to the drive 
transistors, the attenuation of the voltage stored in the capacitors can be ajppressed to a great extent so as to prolong 
the period of time over which the data signal voltage is reteiined, due to the input imp^Jance of those transistors b«ng 
set at a large value. 

35 The present invention is not limited to the above embodiments, and various changes can be made without dej^rt- 
ing from the scope of the present invention. For ex&K^e, the ca^ode elecfe-odea are made of Mgin In the above en^od- 
iments- However, a visible-light shielding material having a low work function and containing Mg and/or the like can also 
be used. It is also possible to form the cathode electr<xies 15 so as to have rough surfaces and to form the organic EL 
layer 16 on thc^e rough ^rfaces, as shown in Fig. 21. The cathode electrodes 15 having such rough surfaces can be 

40 formed using an Mg material doped with Ag. In this case, not only flicker due to the reflection of the external light at the 
cathode electrodes 15 is suppressed, but also the area of tie interface between the organic EL layer 16 and tie cath- 
ode electrodes 15 is increased such that successful joining is attained between the organic EL layer 1 6 and the cathode 
electrodes 15. ensuring a long luminous life to tiie organic EL elements 3. The display apparatuses according to the 
above en^odiments display images through utilization d the light emitted by the c^-ganic EL el^ents 3 only. However, 

45 the display a(:^ratus6s may include liquid crystal display panels as shutters, 

In the above-described embodiments, the driving power source Ps continually applies a constant voltage to the 
organic EL elements. However, since the luminance of ^e organic EL elein^ is determined by the amount of recom- 
bination of Sections and holes, that is, the amount of current the structure wherein the driving power source Ps applies 
a constant voltage is particularly advantageous when the areas occupied by the pixels are substantially equal to each 

$0 other as in me case of matrix panels according to the above embodiments. 

Claims 

1 , A display apparatus conprising a substrate (2). active elements (Qt. Q2) which are formed over said substrate (2) 
55 and which are driven by an externally supplied signal, at least one first electrocte {15) connected to saki active ele- 
ments (Qi. Q2I at least one second electrode (17) to which a predetermined voltage Is applied, and an electrolu- 
minescent layer (16) including at least one layer which emits light applied between said at least one first electrode 
(15) and said at least one second ^ectrode (17), 
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characlierized by further corvprising: 

an insdation film (14) formed over said substrate (2) so as to cover said adrve elements (Q^, and hmng 
at least one contact hole (UA), said at least one first electrode (15) being formed on said at least one insulation 
5 film (14) so as to cover said active elements (Q-j, Q2). and being <xDnnected to said active elements (Qi, Q2) 

through said at least one contact hole (1 4A], arKl said at least or^ first else (15) being made ot a material whlc^ 
shields visili^e 11^ 

2. The display apparatus according to claim 1 , characterized In that said electrolunin^c^t layer (16) is formed of an 
10 organic electroluminescent material. 

3. The display apparatus according to claim 1 , characterized in that satd at least CHie first electrode (16) is formed of 
a conductive material containing magnesium. 

16 4. The display apparatus according to claim 1 , characterized in that said at least one first electrode (15) has a rough 
surface which Is In contact with said electroluminescent layer (16), 

5. The display apparatus according to claim 1 , diaracterized in that said active dements (Qi , Q2) are a selection tran- 
sistor (Qi) which Is turned on in re^nse to an externally supplied address signal and a drive transistor {Q2), which 

20 is driven by a signal corresponding to image data si^jplied externally through said selection transistor (Q-i) while 
said selection transistor (Q^) is on, for controaing a voltage to be a|:^lied to said electroluminescent layer (ia), said 
selection transistor (0^) and sakJ drive transistor (Q2) forming a pair 

6. The display apparatus according to claim 5. characterized In that said at least one first electrode (1 5) is connected 
SB to said drive transistor (Qg) trough said at least one contact hole (1 4A). 

7. "me display apparatus according to claim 5. characterized in fiat: 

said display apparatus further comprises a capacitor (Cp) for retaining the signal corresponding to the image 
30 data externally supplied through said selection transistor (Qi) while said selectiCNi transistor (Q^ Is on; and 

while said selection transistor (Qi) is off. said drive transistor (Qg) Is driven by the signal retained in said capac- 
itor (Cp). 

8. The display apparatus according to claim 1 . characterized in fliat: 

said active el^iients (Qi, Q2) are transistors forming pairs and arranged In a matrix pattern, one transistor of 
each of said pairs being a selection transistor (Q^) which is turned on in re^xxise to an externally supplied 
address signal, and the other transistor of each of said pairs being a drive transistor (Q^), which is driven by a 
signal corresponding to image data supplied externally through said selectioi transistor (Qi) while said selec- 
40 tion transistor {Q^) is on. tor controlling a voltage to be applied to said electroluminescent layer (16); 

said selection transistor (Q^) of each of said pairs is connected to one of address lines (4) and one of data lines 
(1 OA), said address lines (4) being formed over said substrate (2) and being supplied with sa\6 address signal, 
and one of said data lines (10A) being formed over said sufe^trate (2) and being supplied with said image data; 
and 

46 said at least one first electrode (1 5) is plural in number, and the plurality of first electrodes (15) are arranged in 

a matrix pattern in areas surrounded by said address lines (4] and said data lines (10A). 

9. The display apparahJS according to cl^m 8, characi^ized by Ujrther comprising: 

so a first driver circuit (DCl) for sequentially sut:piying said address signal to said selection ^ansistoiB (Q^) 

through said address lines (4) m ord^ to turn said selectli^ transistors (01); and 
a second driver circuit (DC2) for applying said image date to drive transistors (Qg) through said data lines 
(1 OA) and said selection transistors (Ot) while saki sel^ion transistors (Qi) is in order to drive said drive 
transistors {Q2). 

ss 

10. The display apparatus according to claim 1, characterized In tiiat a constant voltage is applied to said second elec- 
trode(17). 
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11. The display apparatus according io claiml. characterized by further comprising at least one wavelength corwer- 
Sion layer (52R. 52Q, 52B) formed over said at least one second electrode (17). said at least one wavelength con- 
version lay^ (52B,52G,S28) ^t^ing light in a fi^ wavelen0h range by absoittng light in a se<x>nd wavelength 
range emitted from said electe-(^uminescent layer (16). 

12. The display apparatus according to plaim 10. characterized in ttiat said at least one wavelength converskxi layer 
(^R. 52B) has a concave surfece fadng said at least one second dectrode (1 7), 

13. The display apparatus accxirding to ^I pm 1Q. characterized in that said at least one wavelength conversion layer 
(52R, 52G, 52B) has at least two of a red ccHw^ion layer {52R) which emits light in a red wavelength range, a 
green conversion layer (52G) which emits light in a green wavelength range, and a Wue convoBlon layer (52B) 
which en^ blue light. 

14. The display apparatus according to d a^m t characterized in that: 

said display apparatus further comprises at least one filter (55R, 55G, 55B) formed above said at least one 
second electrode (17); and 

light rays in a first wavelength range pass through said at least one filter (55R,55G,5SB) selectively when irwi- 
dent light rays in a second wavelength range including said first wavelength range eni&f said at least one f ilt^ 
(65R,55G.65B). 

15. The display apparatus according to cl ^im 1? , characterized in that: 

said at least one filter (65R. 55G» 55B) has a red filter (55R) which makes light in a red wavelength range pa^ 
through, a green filter (S6Q) which makes light In a gcem waveleng^ rmige pass through, and a blue filter 
(55B) whi(^ mal<es light in a bhje wavelength range pass through. 

16. The display apparatus according to sMol. characterized in that said electroluminescent layer (15) hasathickne^ 
whose value falls in a range of waveleng«i of light whidi said electroluninescent layer (1 6) emits. 
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